Gastroenteropancreatic neuroendocrine tumors are uncommon and their tumor biology has not been well elucidated to date. Currently the WHO classification is widely used for the diagnosis and distinction of this tumor entity, which is sometimes cumbersome. Although neuroendocrine tumor markers do exist (ie chromograninA, synaptopyhsin, etc), sensitive and specific markers that accurately predict tumor growth and tumor behavior are still absent. In the present study, we assessed the expression of transcription factors (NeuroD and mASH1) essential for the normal fetal neuronal development in 33 gastroenteropancreatic neuroendocrine tumor patients (12 well-differentiated neuroendocrine tumors, 7 well-differentiated neuroendocrine carcinomas, and 14 poorly differentiated neuroendocrine carcinomas). NeuroD was less expressed in poorly differentiated neuroendocrine carcinoma (small-cell type) compared to well-differentiated neuroendocrine tumor (carcinoid) by reverse transcription-polymerase chain reaction. Immunohistochemical staining revealed that mASH1 was highly (sensitivity of 71%) and specifically (specificity of 95%) expressed in poorly differentiated neuroendocrine carcinoma. High NeuroD expression was seen in all well-differentiated neuroendocrine carcinoma and tumor (carcinoid) patients. Low NeuroD expression was seen in 36% (5 of 14) of poorly differentiated neuroendocrine carcinoma patients, which was associated with significant shorter overall survival. The expression pattern of these transcription factors may represent the biological and pathophysiological difference of gastroenteropancreatic neuroendocrine tumors and may become a new marker for the distinction of gastroenteropancreatic neuroendocrine tumors. Keywords: NeuroD; mASH1; hASH1; gastroenteropancreatic; neuroendocrine tumor Neuroendocrine tumors are a group of tumors originating from cells of the diffuse endocrine system. The diffuse endocrine system includes a number of endocrine cells spreading throughout all the body with the ability to secrete bioactive peptides and amines. Gastroenteropancreatic neuroendocrine tumors are fairly rare, and the pathophysiology of this tumor entity has not been well documented to date. Moreover diagnosis and target treatment is limited and management is challenging because little is known about the cell biology and mechanistic regulation of these tumors.
Neuroendocrine tumors are a group of tumors originating from cells of the diffuse endocrine system. The diffuse endocrine system includes a number of endocrine cells spreading throughout all the body with the ability to secrete bioactive peptides and amines. Gastroenteropancreatic neuroendocrine tumors are fairly rare, and the pathophysiology of this tumor entity has not been well documented to date. Moreover diagnosis and target treatment is limited and management is challenging because little is known about the cell biology and mechanistic regulation of these tumors. 1 Gastroenteropancreatic neuroendocrine tumors are classified according to the WHO classification into welldifferentiated tumors and carcinomas or poorly differentiated carcinomas. 2 The current WHO classification system uses both stage-related criteria (size and presence of metastases) and grade-related criteria (mitotic rate, perineural invasion, angioinvasion, and Ki-67 proliferative index) for classifying and predicting the outcome of gastroenteropancreatic neuroendocrine tumors. As this approach includes the majority of well-accepted pathologic prognostic factors, it has been presumed to be more accurate in predicting the outcome, but its clinical application is cumbersome. The multiple grading parameters may make it difficult to reliably reproduce this system between pathologists and institutions.
Achaete-scute homologue 1 (termed mASH1 in rodents, hASH1 in humans) is a basic helixloop-helix (bHLH) transcription factor that is essential in the early development of neural and neuroendocrine progenitor cells in many tissues. 3 hASH1(mASH1) has been reported to be abundantly expressed in gastrointestinal neuroendocrine carcinomas as well as in pulmonary small-cell carcinoma. 4, 5 Another member of the bHLH transcription factor, NeuroD is expressed transiently in developing neurons in the central and peripheral nervous systems but is not expressed in nearby neuronal progenitors that are still undergoing cell division. 6 NeuroD has been reported to be expressed in pituitary adenomas, pulmonary large-cell neuroendocrine carcinomas, and carcinoids and also in some gastric carcinomas with neuroendocrine feature but not in small-cell carcinomas. [7] [8] [9] The expression of these transcription factors has not been fully elucidated in gastroenteropancreatic neuroendocrine tumors.
The aim of this study was to determine the expression patterns of these neuronal transcription factors in gastroenteropancreatic neuroendocrine tumors (both neuroendocrine carcinomas and carcinoids) and its relation to clinicopathological, phenotypical characteristics including their prognosis. Moreover to seek whether these neuronal transcription factors serve as a new marker for gastroenteropancreatic neuroendocrine tumors, although neuroendocrine tumor markers do exist (ie chromograninA, synaptophysin), sensitive and specific markers that predict tumor growth and behavior are absent.
Materials and methods

Patients and Tissues
Formalin-fixed and paraffin-embedded samples of gastroenteropancreatic neuroendocrine tumors (n ¼ 33) were obtained from Department of General Surgery, Chiba University Hospital, Japan, from 1999 to 2007. The patient age ranged from 19 to 83 years. Patients who underwent neoadjuvant therapy, and with carcinomas besides gastroenteropancreatic neuroendocrine tumors were excluded. Written informed consent was obtained from each patient. Clinical and pathological data were documented and entered into a specific tumor registry after surgery (or endoscopic mucosal resection) and follow-up (Table 1 ). In two of the cases (case no. 2 and 4), surgery was not performed because of extensive tumor spread, and biopsy specimens were used for the study.
Pathologic diagnosis of gastroenteropancreatic neuroendocrine tumors was done based on the WHO classification. 2 All tumors were categorized into three groups: well-differentiated neuroendocrine tumor (carcinoid, n ¼ 12), well-differentiated neuroendocrine carcinoma (n ¼ 7), and poorly differentiated neuroendocrine carcinoma (n ¼ 14). Furthermore, poorly differentiated neuroendocrine carcinomas were subdivided into small-cell type (n ¼ 8) and large-cell type (n ¼ 6) on the basis of histological findings using the criteria commonly applied to pulmonary neuroendocrine carcinomas. 9 The histological feature of small-cell neuroendocrine carcinomas was minimal cytoplasm, a fusiform cell shape, finely granular chromatin, small or absent nucleoli, and nuclear molding. The histological feature of large-cell neuroendocrine carcinomas was more cytoplasm, a round or polygonal cell shape, prominent nucleoli, and a coarse chromatin pattern.
Immunohistochemistry
All tumors were examined by immunohistochemical staining. Sections (4 um) were cut from formalin-fixed paraffin-embedded tissues and placed on silanized slides. The antibodies used were as follows: polyclonal chromograninA antibody (ready to use; Nichirei, Tokyo, Japan), polyclonal synaptophysin antibody (ready to use; DakoCytomation), polyclonal Neuro D antibody (1:200; N-19; Santa Cruz Biotechnology, Santa Cruz, CA, USA), monoclonal mASH1 antibody (1:50; 24B72D11.1; Becton Dickinson Biosciences, Franklin Lakes, NJ, USA), and monoclonal MIB-1 antibody (1:100; DakoCytomation). Staining was done by using labeled streptavidin-biotin-peroxidase and autoclave antigen retrieval technique. The staining pattern was scored as follows: À, no staining or o5% of the tumor cells positive; þ , occasional weak staining; þ þ , moderate staining; and þ þ þ , intense staining. To obtain the percentage of Ki-67 (MIB-1) immunoreactive nuclei in each tumor, three random fields at Â 200 magnification were taken. The Ki-67 (%) was determined and expressed as the percentage of cells with Ki-67 immunoreactive nuclei in each slide.
RNA Isolation and RT-PCR Analysis
Total RNAs from three frozen tissues (case nos. 1, 10, and 28) were obtained using RNeasy Mini kit (Qiagen, Tokyo, Japan) according to the manufacturer's instructions. Expression of NeuroD was examined by reverse transcription-polymerase chain reaction (RT-PCR) with the use of the following primers: forward primer, 5
0 -GTTATGAG ACTATCACTGCTCAGGACC-3 0 ; reverse primer,
For internal control, b-actin cDNA was amplified. The condition of PCR were initial denaturing at 951C for 10 min, followed by 35 cycles of denaturing at 941C for 60 s, annealing at 581C for 60 s, and extension at 721C for 90 s. All PCR products were visualized by electrophoresis and ethidium bromide staining in 2% agarose gels. RT-PCR was performed in a triplicate.
Statistical Analysis
All analyses were performed using SPSS 14.0 software (SPSS Inc., Chicago, IL, USA). Fisher's test was applied for comparisons. Survival data were analyzed according to the Kaplan-Meier method. Results were considered significant when Po0.05 was obtained.
Results
A total of 33 gastroenteropancreatic neuroendocrine tumor patients were included in the study. Clinicopathological features of the 33 patients are listed in Table 1 .
Expression of mASH1 in Gastroenteropancreatic Neuroendocrine Tumors
Immunohistochemistry of hASH1 was done using anti-mASH1 monoclonal antibody. This antibody is known to cross-react to hASH1 and is reliable to detect hASH1 on human paraffin-embedded tissues. 4, 7 In the present study the expression of mASH1 was found positive in 11 (33%) of 33 gastroenteropancreatic neuroendocrine tumor patients. In the present study, nuclear staining was counted as mASH1 positive ( Figure 1 ). The details of the immunohistochemical staining results are listed in Table 2 . In regard to poorly differentiated neuroendocrine carcinomas, 10 (71%) of 14 patients showed positive for mASH1. Only 1 (5%) of 19 welldifferentiated neuroendocrine tumor and carcinoma patients showed positive for mASH1. mASH1 was significantly positive for poorly differentiated neuroendocrine carcinoma (Table 3a) . Five (63%) of eight small-cell carcinoma patients and five (83%) of six large-cell carcinoma patients showed positive for mASH1, but there was no statistical significance between the histological phenotype (ie small cell and large cell; Table 3b ). 
Expression of NeuroD in Gastroenteropancreatic Neuroendocrine Tumors
For the evaluation of NeuroD, À and þ was considered low-expression group, þ þ and þ þ þ was considered high-expression group. In the present study 28 (85%) of 33 gastroenteropancreatic neuroendocrine tumor patients showed high expression for NeuroD. NeuroD was considered to be positive when cytoplasmic or nuclear staining was
NeuroD and mASH1 in neuroendocrine tumor T Shida et al observed ( Figure 1 ). The details of the immunohistochemical staining results are listed in Table 2 . All the well-differentiated neuroendocrine tumor and carcinoma patients (n ¼ 19) showed high expression to NeuroD. However with regard to poorly differentiated neuroendocrine carcinoma, 5 (36%) of 14 patients showed low expression to NeuroD (Table 4a) . For small-cell carcinoma, five (63%) of eight patients showed low expression to NeuroD, whereas all six large-cell carcinoma patients showed high NeuroD expression (Table 4b ). The expression pattern of NeuroD was statistically significant (P ¼ 0.028) between the two histological phenotypes (ie small cell and large cell).
NeuroD mRNA Expression by RT-PCR
All poorly differentiated neuroendocrine carcinoma (both small cell and large cell) and welldifferentiated neuroendocrine tumor (carcinoid) showed NeuroD expression at RNA level ( Figure 2 ). However, poorly differentiated neuroendocrine carcinoma (small-cell type) showed the lowest RNA expression (Figure 2 ).
Survival Analysis
There was a significant difference of overall survival between poorly differentiated neuroendocrine carcinoma and well-differentiated neuroendocrine carcinoma and tumor patients (log-rank test, Po0.0001). The prognosis of poorly differentiated neuroendocrine carcinoma was extremely poor. With regard to poorly differentiated neuroendocrine carcinoma, there was no statistical significance of overall survival between mASH1-positive and -negative patients (Figure 3a) . Moreover Ki67 positivity rate (cutoff rate of 60%) did not show statistical significance (Figure 3b ). However, high NeuroD expression was associated with a better survival compared to low NeuroD expression in poorly differentiated neuroendocrine carcinoma patients (log-rank test, Po0.05; Figure 3c ).
Discussion
Gastroenteropancreatic neuroendocrine tumors are rare diseases that present many clinical challenges. They secrete peptides and neuroamines that cause obvious clinical syndromes, including carcinoid syndrome. However, most gastroenteropancreatic neuroendocrine tumors are clinically silent until late presentation with mass effects. Management of these tumors should be highly individualized for each patient, considering the natural history of the tumor and general health of the patient. Surgery, radiological intervention, chemotherapy, and somatostatin analogues to control symptoms that result from released neuroamines and peptides are commonly used for treatment, but neither method has been reported to be fundamentally curative. The rarity, complexity, and heterogeneity of gastroenteropancreatic neuroendocrine tumors have contributed to the limitation of randomized trials and almost no survival increase has been admitted over the past 30 years. To establish a better treatment and improve the prognosis of gastroenteropancreatic neuroendocrine tumors, a better understanding of their biology is highly required, with emphasis on pathophysiology at the molecular level (including transcription factors).
In the present study we focused on NeuroD and ASH1 both a member of the bHLH transcription factor that are essential for neural development. 6, 10, 11 We previously reported that hASH1(mASH1) was aberrantly expressed in gastrointestinal neuroendocrine carcinomas but not in gastrointestinal carcinoids or adenocarcinomas. 4 Also previous study of the lung has revealed that hASH1(mASH1) expression was dependent on histological differentiation, and was detected in less differentiated atypical carcinoids, as well as in large-cell neuroendocrine carcinomas and small-cell carcinomas, but was absent in fully differentiated typical carcinoids. 5 On the other hand, previous study revealed the positive expression of NeuroD in pulmonary large-cell neuroendocrine carcinoma and carcinoids but not in gastric small-cell carcinomas. 8, 9 In the present study, mASH1 was highly (sensitivity of 71%) and specifically (specificity of 95%) expressed in poorly differentiated neuroendocrine carcinoma, which was in accordance with our previous study. However, positivity of mASH1 did not affect the prognosis of poorly differentiated neuroendocrine carcinoma patients. The prognostic significance of mASH1 expression in gastroenteropancreatic neuroendocrine tumors needs to be clarified in a larger number of patients.
In the present study, high NeuroD expression was seen in all gastroenteropancreatic welldifferentiated neuroendocrine carcinoma and tumor patients, however 36% (5 of 14) of the poorly differentiated neuroendocrine carcinoma patients showed low NeuroD expression. Surprisingly, the expression level of NeuroD had a significant impact on poorly differentiated neuroendocrine patients. Low NeuroD expression was associated with significant shorter overall survival. Figure 2 RT-PCR analysis of NeuroD by using fresh frozen samples. Poorly differentiated neuroendocrine carcinoma (smallcell type) was from esophagus (case no. 10), poorly differentiated neuroendocrine carcinoma (large-cell type) and carcinoid were from rectum (case nos. 1 and 28, respectively). Poorly differentiated neuroendocrine carcinoma (small-cell type) showed the lowest NeuroD expression.
Poorly differentiated neuroendocrine carcinoma has been reported as highly malignant and can be divided into small-and large-cell neuroendocrine carcinomas. 12 The prognostic significance between small-cell carcinoma and large cell carcinoma is still a matter of debate and morphological classification alone is not sufficient to differentiate neuroendocrine carcinomas with aggressive characteristics. 13, 14 The expression pattern of mASH1 and/or NeuroD might reflect the neuroendocrine differentiation of gastroenteropancreatic tumor. During neural development, mASH1 works at the initial phase transiently, and NeuroD works at the latter phase but is not expressed in nearby neuronal progenitors that are still undergoing cell division. 6, 15 These data together strongly suggest that mASH1 expression in gastroenteropancreatic neuroendocrine tumors mimic its early and transient expression pattern during development, and mASH1 may be necessary in the establishment of a cellular neuroendocrine phenotype, but may not be essential for the maintenance of the fully differentiated neuroendocrine phenotype. Moreover, NeuroD expression in gastroenteropancreatic neuroendocrine tumors may also imitate the neuronal differentiation because of its high positivity on well-differentiated neuroendocrine carcinomas and tumors in the present study. NeuroD may be essential for the maintenance of the fully differentiated neuroendocrine phenotype. The expression pattern of mASH1 and/or NeuroD in the present study may reflect the biological and pathophysiological difference of gastroenteropancreatic neuroendocrine tumors (especially between poorly differentiated neuroendocrine carcinoma and well-differentiated neuroendocrine tumor and carcinoma). This might be at least in part a clue to the worse prognosis for NeuroD-low poorly differentiated neuroendocrine carcinoma that may be a less differentiated tumor phenotype. In the present study, the tendency of the staining pattern of well-differentiated neuroendocrine tumor and carcinoma was mASH1 negative and NeuroD high, where as that of a poorly differentiated neuroendocrine carcinoma was mASH1 positive and NeuroD low. Indeed mASH1-positive and NeuroD-low neuroendocrine carcinomas (five cases) showed the worst prognosis (MST for 3.4 months) among the gastroenteropancreatic neuroendocrine tumors. This type of tumor may be defined as 'undifferentiated neuroendocrine carcinoma' because three of five cases showed negative for conventional pan-neuroendocrine markers (chromograninA, synaptophysin).
Deeper insight into these neuronal transcription factors may surely be fruitful for the establishment of new criteria, prognostic factor, and treatment for gastroenteropancreatic neuroendocrine tumors. 
P<0.05
Figure 3 (a) Kaplan-Meier survival curves and log-rank test for poorly differentiated neuroendocrine carcinoma patients by mASH1 positivity. There was no statistical difference of overall survival between mASH1-positive and -negative patients.
(b) Kaplan-Meier survival curves and log-rank test for poorly differentiated neuroendocrine carcinoma patients by Ki67 positivity. Ki67 (cutoff rate of 60%) did not show statistical significance. (c) Kaplan-Meier survival curves and log-rank test for poorly differentiated neuroendocrine carcinoma patients by NeuroD expression. High NeuroD expression was associated with a better survival compared to low NeuroD expression (Po0.05).
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